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SMARANDACHE CURVES ACCORDING TO BISHOP FRAME 
IN EUCLIDEAN 3-SPACE 


MUHAMMED CETIN, YILMAZ TUNGER, AND MURAT KEMAL KARACAN 


ABSTRACT. In this paper, we investigate special Smarandache curves accord- 
ing to Bishop frame in Euclidean 3-space and we give some differential geomet- 
ric properties of Smarandache curves. Also we find the centers of the osculating 
spheres and curvature spheres of Smarandache curves. 


1. INTRODUCTION 


Special Smarandache curves have been investigated by some differential geome- 
ters [1,8]. A regular curve in Minkowski space-time, whose position vector is com- 
posed by Frenet frame vectors on another regular curve, is called a Smarandache 
Curve. M. Turgut and S. Yilmaz have defined a special case of such curves and call 
it Smarandache TB Curves in the space E} [8]. They have dealed with a special 
Smarandache curves which is defined by the tangent and second binormal vector 
fields. They have called such curves as Smarandache TBz Curves. Additionally, 
they have computed formulas of this kind curves by the method expressed in [10]. 
A. T. Ali has introduced some special Smarandache curves in the Euclidean space. 
He has studied Frenet-Serret invariants of a special case [1]. 

In this paper, we investigate special Smarandache curves such as Smarandache 
Curves TN,, TNo, NiN2 and TN,N2 according to Bishop frame in Euclidean 
3-space. Furthermore, we find differential geometric properties of these special 
curves and we calculate first and second curvature (natural curvatures) of these 
curves. Also we find the centers of the curvature spheres and osculating spheres of 
Smarandache curves. 


2. PRELIMINARIES 


The Bishop frame or parallel transport frame is an alternative approach to defin- 
ing a moving frame that is well defined even when the curve has vanishing second 
derivative. We can parallel transport an orthonormal frame along a curve simply 
by parallel transporting each component of the frame. The parallel transport frame 
is based on the observation that, while T'(s) for a given curve model is unique, we 
may choose any convenient arbitrary basis (Ni(s),.N2(s)) for the remainder of the 
frame, so long as it is in the normal plane perpendicular to T(s) at each point. 
If the derivatives of (Ni(s), N2(s)) depend only on T(s) and not each other we 
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can make Nji(s) and No(s) vary smoothly throughout the path regardless of the 
curvature [2,6,7]. 

In addition, suppose the curve a is an arclength-parametrized C? curve. Suppose 
we have C! unit vector fields N, and No =TA N, along the curve a so that 


(T,.Ni) = (T, Ne) = (Ni, No) = 0, 


ie, T ,Ni, No will be a smoothly varying right-handed orthonormal frame as we 
move along the curve. (To this point, the Frenet frame would work just fine if the 
curve were C? with x 4 0) But now we want to impose the extra condition that 
(Nj, No) = 0. We say the unit first normal vector field N; is parallel along the 
curve a. This means that the only change of N is in the direction of T. A Bishop 
frame can be defined even when a Frenet frame cannot (e.g., when there are points 
with « =0). Therefore, we have the alternative frame equations 


fe 0 ky ke T 
Ni|=|-kh 0 0 NM 
Ni -ky 0 0 Np 


One can show that 


K(s) = (+23, 6(s) = arctan (2) ky £0, 7(s) = a) 


so that k, and kg effectively correspond to a Cartesian coordinate system for the 

polar coordinates «, 6 with 6 = — { r(s)ds. The orientation of the parallel transport 

frame includes the arbitrary choice of integration constant 09, which disappears 

from 7 (and hence from the Frenet frame) due to the differentiation [2,6,7]. 
Bishop curvatures are defined by 


(2.1) ky =Kcos0, ko =«Ksin@ 

and 

(2.2) T=T , MN, =Ncosd—Bsind , No=Nsin@+ Bcosd 
[9]. 


3. SMARANDACHE CURVES ACCORDING TO BISHOP FRAME 
In [1], author gave following definitions: 


Definition 1. Let a = a(s) be a unit speed regular curve in E® and {T, N, B} be 
its moving Serret-Frenet frame. Smarandache curves TN are defined by 


1 
s*)=—~(T+N). 
B(s") 5) ( ) 
Definition 2. Let w= a(s) be a unit speed regular curve in E® and {T, N, B} be 
its moving Serret-Frenet frame. Smarandache curves NB are defined by 
ik 
s*) = —=(N+B). 
B(s*) Ap: ( ) 
Definition 3. Let «= a(s) be a unit speed regular curve in E® and {T, N, B} be 
its moving Serret-Frenet frame. Smarandache curves TNB are defined by 


eee 
B(s*) = ag F+N +B). 
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In this section, we investigate Smarandache curves according to Bishop frame in 
Euclidean 3-space. Let a = a(s) be a unit speed regular curve in LE? and denote by 
{Ta, Nf, NS} the moving Bishop frame along the curve a. The following Bishop 
formulae is given by 


(3.1) Ty =k°N°4k2N2 , NO =—k°T, , N2 = kT, 
with 

Ty = NP ANS, NY =-Ta ANS, Nox =Ta ANP. 
3.1. TN,—Smarandache Curves. 


Definition 4. Let a = a(s) be a unit speed regular curve in E® and {T., N@, NS} 
be its moving Bishop frame. TyNf'—Smarandache curves can be defined by 


s 
(3.2) B(s*) = i 


Now, we can investigate Bishop invariants of T,.Nf'—Smarandache curves ac- 
cording to a = a(s). Differentiating (8.2) with respect to s, we get 


(Tee NT) 


: dB ds* -1 
3.3 = = (RPT — NT — hg NY 
(3.3) B ds* ds 7a! 1 14Vy 2 N3") 
and 
ds* =! a om wae) a na 
Tp de = vy (tite — kT Ny — kEN3*) 
where 
* 2 (ko 2 ko 2 
ds 2 
The tangent vector of curve § can be written as follow, 
= a ana apnra 
(3.5) T3 = (KPT, — KY NY — NS"). 


2 (ke)? + (ke)? 


Differentiating (8.5) with respect to s, we obtain 


(3.6) “ ~ = 3 ee pee) 
(2 (Ke)? + (kg)?) 
where 
A, = —KS (BS)? — 2 (RE)* — 3 (hE)? (RS)? — (RS) + BERS RS 
Ao = —2(ke)* — (RE)? (hg)? + RE (RS)? — BERT RS 
As = —2(KE)° AS — ko (RE)? + 2 (bE)? AS — hORE RE. 


Substituting (8.4) in @.6), we get 
V2 


Ts ~ 2 2 
(2 (Ke)? + (k8)?) 


sOity oN? Lae). 
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Then, the curvature and principal normal vector field of curve 6 are respectively, 


a a ae Pe 


(2(ue)? + (egy?) 


Ke = ||Tp|| = 


and ‘ 
Ng = Sa ——— (Ta + Ao NP + AZ N3). 


af A HAR + AB 
On the other hand, we express 
Ty Np NS 
ke ke kg 


B 1 
805 aaa OOo M1 
V2 (KE)? + (RS) VAT HAZ FAS] Ar Ae As 


So, the binormal vector of curve £ is 
1 


2 (ke)? + (hE)? AT + AG HAS 


01 = A3kt — Aaks A 02 = Askt + Ake F a3 = —kP (Ar +2). 
We differentiate (3.3) with respect to s in order to calculate the torsion 
a = a a a a a a a AL. a 
B= {hr + We)? + (BY) a — e — (EY Ng — (RF — READE 


and similarly 


Bg = (o1Ty + o2Ny + 03N5") 


where 


See 1 “4 oe 
B= a (P1 Ta + poNy + p3No') ; 


J2 
where 
py = he — BkERE — Ske RS + (hE)® + KE (RE)? 
py = —BkERE — (be)® — bE (AS)? + bP 
ps = —2KEKE — (KE) hE — (hE)? — BERS + Ay. 


The torsion of curve £ is 


V2 (ke)? — kT )(oskt + prkz) + kr(ks — kTk3)(p1 + pa) 
— (ke + (kE)” + (kE)") Oaks — pakt!) 
(ke RS — hE RS)? + (KER — 2 (KE) ke — keRS — (hE)?)? + (2 (RE)? + ke (REY)? 
The first and second normal field of curve @ are as follow. Then, from (2.2) we 
obtain 


3s 


1 (,/f.cos 031 — sin 9go1) Ty 
N; =— + (,/ficos OgA2 — sin 0302) NP ; 
Ven | 4 (,/ficos 0gA3 — sin 8303) NS 


and 
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; (,/fisin 0X1 + cos 001) Ta 
+ (,/fsin 0gA2 + cos 0g02) Nf 
Ven) Jpsin 0gA3 + cos 6g03) NF 


where 6g = — { T(s)ds and p = 2 (h2)? + (kS)?, n = fA? +242 


Now, we can calculate natural curvatures of curve (2, so from (2.1) we get 


Ny 


2(Az + AZ + AZ) cos Og 


(20m)? + (ag)? 


1 4/ 2(4? + AZ + AZ) sin Og 
a rr 
(2 (KE)? + (k8)?) 


3.2. TNo—Smarandache Curves. 


ke = 


and 


Definition 5. Let a =a(s) be a unit speed regular curve in E® and {T., N@, NS} 
be its moving Bishop frame. T,Né5‘—Smarandache curves can be defined by 


1 
3.7 s*) = —=(T, + NS). 
(3.7) B(s") =e (fa + NB) 

Now, we can investigate Bishop invariants of T.Ns'—Smarandache curves ac- 
cording to a = a(s). Differentiating (3.7) with respect to s, we get 


: dB ds* —1 
3.8 = = (RET, — NT — hg NY 
(3.8) B ds* ds 7a! 2 14¥y 2 N3') 
and ds* i 
8 _ a anya a nto 
Sa = Fy (hea — ky Ny’ — ky N53") 
where 
ds* ke)? +2 (ke)? 
(3.9) § = (kt) ai (kg) 
ds 2 
The tangent vector of curve 6 can be written as follow, 
-1 
(3.10) T3 = ———— (KET, — kv ND INS). 


(we)’ + 2(kE)” 
Differentiating (8.10) with respect to s, we obtain 


(3.11) sits a = a Oh deg + AgNO) 
((eg)? + 2 (Kg)?) 
where 
Md = — (bE)? RE — (eE)S — 3 (RE)? (RS)? — 2 (RE) + RE RERE 
do = —(k)* Ro — abo (RS)? + 2he (ho)? — 2eeRE RE 


As = — (RE)? (hE)? — 2(RS)" + (RE)? hS — RP RTRE. 
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Substituting (3.9) in (8.11), we get 


2 
T= —— (\1Ta + A2NS + ASN). 
((ag)? +2 (%8)7) 
Then, the first curvature and the principal normal vector field of curve § are re- 
spectively, 
yy WONT +g +3 
ne = |[t4]] = 
(eg)? + 2(kg)7) 
and 
1 


Ng = (AiTa + A2NY + A3.N5") . 


Vere tee 
On the other hand, we express 


T. Ne Ne 
an nS 


1 
Bp = —— | - 13 
VRE HACKY ATH ASH AZ] Ar ADA 


So, the binormal vector of curve £ is 
1 


(kP)? +2 (kS)? AT + AZ + AG 


01 =Asgkf —Anky , 02 =(AgstA ky , o3 = — (Agks + Aikf). 
We differentiate with respect to s in order to calculate the torsion of curve ( 
—1 
V2 


and similarly 


Bg = (o1Ta + o2NP + 03N5') 


where 


B= SE Ls + Oy? + Osyyta — CH — KERN — 0 — NAS}, 


B= = (P1 Ta + poy + p3No") ; 


J/2 
where 
py = ko — 3k2k? — BkSRS + (kt)? RE + (KS)? 
py = —2kERS — (hit)® — ke (RS)? — ERS + KE 
py = —BkEKY — (k2)? ho — (eS)? + BE. 


The torsion of curve £ is 


Jad BEERS — RE)(03 + 91) + (RE — HS)" (oakS + pike) 
(hE + (hE)? + SY" Y(oakS — pak?) 
(epg — WES)? + (—2 (hg)” — (hE)” kg)? + (2K (kg)” — EwS + ke RE + (hE)”)? 
The first and second normal field of curve @ are as follow. Then, from (2.2) we 
obtain 


TB = 
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i (\/f.cos 031 — sin 9301) Ty 
NP =——< + (,/ficos OgA2 — sin 0302) NY ?, 
ven | 4 (,/ficos 0gA3 — sin 8303) NS 


and 
1 (,/#sin OgA1 + cos 6301) Ta 
NB = — + Jpsin 0gA2 + cos 6g02) Nf : 
VEN + (,/psin 93A3 + cos 8803) No 


where 0g = — f rg(s)ds and ps = (k2)* +2 (k9)?, n= 4/A? +3 +22. 


Now, we can calculate natural curvatures of curve 3, so from (2.1) we get 


iis \/2(Aj + AZ + AZ) cos Og 
© (a? +208) 
and 
(AZ + AZ + AZ) sin Og 
(cee)? +.2088)") 


3.3. N;N2—-Smarandache Curves. 


is = 


Definition 6. Let a =a(s) be a unit speed regular curve in E® and {T, N@, NS} 
be its moving Bishop frame. NP Ns'—Smarandache curves can be defined by 


we Qa a 
(3.12) Bs") = <p (NP +8). 


Now, we can investigate Bishop invariants of Nf? NS'—Smarandache curves ac- 
cording to vw = a(s). Differentiating (8.12) with respect to s, we get 


dB ds* — —(kt + ks) 


3.13 3 = 7 
a) ds* ds J/2 
and 
ds* — —(k + ko) 
are J2 ° 
where 
ds* k? +k? 
3.14 — 172 
( ) ds J2 
The tangent vector of curve 8 can be written as follow, 
(3.15) (fl oe 
Differentiating (8.15) with respect to s, we obtain 
dT ds* Sa tes Bats 
(3.16) i Ge = TRENT — REN 
Substituting (8.14) in (8-16), we get 
-V2 anTa ana 
Tp (AUNT + ky N5). 


~ ho + ke 
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Then, the first curvature and the principal normal vector field of curve § are re- 
spectively, 
2 2 
ne = |irgy <2 + 
aa, ke + ke 


and ‘ 
Ng = =——— (kf NP + BENG). 
(kt) + (kg!) 
On the other hand, we express 
l Ty Np NS 
B3 = ——————————.| -1 0 0 
(key? + (kg) | 0 RR kg 
So, the binormal vector of curve £ is 


1 apnra Qa nro 
Bg = (kX Nj — kf N35"). 


(Key? + (hg)? 
We differentiate (8.13) with respect to s in order to calculate the torsion of curve 6 
B= { G + Ks) To + (et)? + BERS) NE + (RERY + (43)?) ns} 
and similarly 
sate =| a : 
B= a (pia + poNy + p3N3), 


where 
py = ke +k — (hE)? — (RE)? RE — he (RE)? — (RE)? 
Po = 3kP ko + 2kvko + kp ky 


ps3 Qk? + BERS + KS. 
The torsion of curve 6 is 
V3 {ps ((kf)” + KEKE) — pa( Weng + (kg)?)} 
(he + hg) { (RERE + (h)?)? + (CRE)? + RERG)? S 


The first and second normal field of curve @ are as follow. Then, from (2.2) we 
obtain 


1 


NP = = (His sin Og — Ff’ cos Og) Nf — (kg cos Op + hf sin Oa) Ny}, 
(kt) + (kg) 
and 
1 
Ne = —————— {— (k* sin 0g + k¥ cosOg) N& + (k% cosOg — k¥ sin Og) NS} 


Axa eae 
(kt) + (kg!) 
where 6g = — { T,(s)ds. 
Now, we can calculate the natural curvatures of curve 3, so from (2.1) we get 
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16 2((kqt)” + (k$')") cos Og 
- ke + kg 


and 


18 = 2((kt)” + (k3)”) sin A 
a ke + kf 


3.4. T.N,No—Smarandache Curves. 


Definition 7. Let a =a(s) be a unit speed regular curve in E® and {T., N@, NS} 
be its moving Bishop frame. T,N?P NS —Smarandache curves can be defined by 


(3.17) B(s*) = = 


Now, we can investigate Bishop invariants of TN? N5‘—Smarandache curves 
according to a = a(s). Differentiating (8.17) with respect to s, we get 


(To + NY + NS). 


: dp ds* =I a a NTH anata 
(3.18) P= Te ds “Aa + ky) To — REN} — ky Ny) 
and 
ds* —1 a a ATA a ATa 
a va Me + kf) To — kT NT — ke N35) 
where 
dst | 2( (ea)? + eRe + (k8)”) 
(3.19) = \| ———————. 
ds 3 


The tangent vector of curve 8 can be written as follow, 


—1 
(3.20) © Tg = pm (ho + BY) Ty — BENG — REND). 


2{(ke)? + meas + (hg)”} 
Differentiating (8.20) with respect to s, we obtain 


dTg ds* 1 
(3.21) ial AAA (AT + An NT + A3.N5") 


ds* d 3 
PS a { (egy? + keg + (Kg)? } 


where 


Ay = —2he (hg)? — (RE)? mE + MERE RS — 2 (RE) — 2 (he)* Bg 

—4 (2)? (hg)? — abe (hE)? — 2 (bS)* + WERERS + bE (KE)? 
Ao = —2(R)* — 4 (RE)? be — 4 (bE)? (bg)? — Oke (AE)? 4+ RE RORY 
+2KE (hE)? — (KE)? RE — bE AERS 

As = —2(kE)S AS — 4 (bE)? (BS)? — abe (RS)® — 2.(88)4 


42 (2)? bo + bY — WhO RARS — bo (b)? | 
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Substituting (3.19) in (3.21), we get 


V3 


Ts — 2 
4{ (ke)? + ReaS + (hg)"} 


(AT + A2Ny + A3 NS"). 


Then, the first curvature and the principal normal vector field of curve § are re- 


spectively, 
; VJ3y/ AP + AZ +A2 
ne = [75] =v" _ 
4 { (Key? + ReRS + (g)"} 
and 
1 
(3.22) Ng = ———=— (Ty + NO + AZNY). 


(dq eae 


On the other hand, we express 


To NG NF 
—(KE+AS) ke Ag 
(Re)? + REY + (kg)?) AP +23 +23 A te. 
So, the binormal vector of curve ( is 
1 
(3.23) Bg = —— (01 T, + 2 Nf t+ 03. N5") 


2 (hE)? + WER + (hG)?) AF +3 +23 


where 
oy = Askf —Agkf , 02 = Az (kT + ky) + Ake , 73 = — (Ao (AT + ky) + Ark?) - 


We differentiate (3.18) with respect to s in order to calculate the torsion of curve 


B, 


B= BB {i + ky + (ky )? + (ks )*)Ta — (ky — (ke )? — kERY) NY — (kg — ket ky — (kS)") NS \ , 
and similarly 
= — (p,Ta + poNf + p3 NS‘), 
B Fi (py p2 Nt + p3N3') 

where 

py = —kE — AY — BkEKE — BAERS + (AE)? + (RE)? AE + BE (AS)? + (AS)? 

po = —S3kPRY — WERE — (kS)” — hE (Wg)? — RARE + ke 

py = —2kERY — BkSkS — (KE)? RS — (kS)? — KEKE + KS 


The torsion of curve £ is 
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(ke — (hf) — kPRS)(—pgk — pykS — py k$}) 
V8) +(kg — BERS — (kE)?) (ook? + pok§ + pk?) 
(hE ARS + (REY? + (REY) pak + pokS!) 
(KEKE — APRS)? + (key — 2 (hE)? ky — Qky (hg)” — 2 (hg )” — BERS)? 
+ (2 (hR)” +2 (KE)” RS + Whe (WE)? — RERS + RE RS)? 


TB = 


The first and second normal field of curve @ are as follow. Then, from (2.2) we 
obtain 


(/2icos 0gA1 — sin 901) Ta 


1 
Ne =) 2p. cos OgA2 — sin6go2) NP >, 
ie oa es V2ucos O33 — sinfga3) Ns 
and 
1 (/2u sin 0gA1 + Cos 9301) Ts 
Ne = are + J 2usin 62A2 + cos Oga2 NP 5 
veh | 4+ (\/2isinOgA3 + cos0g03) N# 


where 0g = — [ 7g(s)ds and p = (k2)? + kek? + (k2)?, n= fA +A +3 


Now, we can calculate the natural curvatures of curve 2, so from (2.1) we get 


18 4/ 3(A7 + AZ + AZ) cos Og 


= 


~ A((k2)? + bokS + (KE)? 


and 


3(A2 + AZ + AZ) sin Og 


j2 = AN 
2 A(R)? + keke + (kS)7)? 


4. CURVATURE SPHERES AND OSCULATING SPHERES OF SMARANDACHE CURVES 


Definition 8. Let a : (a,b) — R” be a regular curve and let F : R” > R be 
a differentiable function. We say that a parametrically defined curve a and an 
implicity defined hypersurface F~‘(0) have contact of order k at a(to) provided we 
have (Foa)(to) = (Foa)' (to) = ... = (Foa)) (to) = 0 but (Foa)** (to) £0 [5]. 


If any circle which has a contact of first-order with a planar curve, it is called 
the curvature circle. If any sphere which has a contact of second-order with a space 
curve, It is called the curvature sphere. Furthermore, if any sphere which has a 
contact of third-order with a space curve, it is called the osculating sphere. 


Theorem 1. Let 6(s*) be a unit speed Smarandache curve of a(s) with first cur- 
vature ke and second curvature kB, then the centres of curvature spheres of 3(s*) 
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according to Bishop frame are 


kD ke y/7? ((kE)? — (Ke?) — 1 
=e = 
4(ki)? 
Bhy hb yr? (het)? = (e)?) = 1 
Ake ke 


NB 


as a° 


Proof. Assume that c(s*) is the centre of curvature sphere of 8(s*), then radius 
vector of curvature sphere is 


c—- p= 611g + 62NP + 63NE. 


Let we define the function F such that F = (c(s*) — B(s*), c(s*) — B(s*)) — r?. 
First and second derivatives of F' are as follow. 


F’ = —26; 
F" = —2(kP 69 + kf 63 — 1). 


The condition of contact of second-order requires F = 0, F’ = 0 and F” = 0. Then, 
coefficients 61, 62,63 are obtained 


6, = O 
kee == hE fr? (hp)? — (h8)2) - 1 


6 = 
° 4(kp)? 
Bh + kD y/r? ((ky))? — (R2)?) — 1 
Ake kg 


Thus, centres of the curvature spheres of Smarandache curve { are 


Ry = BE yr? (RE)? — (kE)?) - 1 
By2 Nf 
A(k?) 

Sky kp \/1r? (ky)? — (kg)?) - 1 
Ake kg 


Ng. 


Let 53 = A, then c(s*) = B(s*) + 62N? + ANY is a line passing the point 
B(s*) + d2N/ and parallel to line N. Thus we have the following corollary. 
Corollary 1. Let 8(s*) be a unit speed Smarandache curve of a(s) then each centres 
of the curvature spheres of 8 are on a line. 

Theorem 2. Let 6(s*) be a unit speed Smarandache curve of a(s) with first cur- 


vature ke and second curvature ke , then the centres of osculating spheres of B(s*) 
according to Bishop frame are 


(Ky (Ke 
eye (SY (wee (BY 


1 al; 


NB. 
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Proof. Assume that c(s*) is the centre of osculating sphere of 3(s*), then radius 
vector of osculating sphere is 

c(s*) — B(s*) = 51D 3 + d2Nf + d3NY. 


Let we define the function F such that F = (c(s*) — B(s*), c(s*) — B(s*)) — 1°. 
First, second and third derivatives of F' are as follow. 


F’ = —-26, 


FY = —2(ki do + kp 63 — 1) 
PI" = 2 ((kPY'd2 — (RL): + (4BY'63 — (kE)?51) . 
The condition of contact of third-order requires F = 0, F’ = 0, F” =O and F’” =0. 
Then, coefficients 61, 62,63 are obtained 


Byr Byr 
61 =0, =, é =“ 
(Hr? (EE) (ki)? () 


1 


Thus, centres of the osculating spheres of Smarandache curve ( can be written as 
follow 
(kg)! B (kt)! B 
es a> Dae EN 
meeyP(e) wry (FB) 


A, 


Corollary 2. Let 6(s*) be a unit speed Smarandache curve of a(s) with first curva- 
ture ke and second curvature ke , then the radius of the osculating sphere of 3(s*) 


((Kfy’) + (sy) 
ey 


r(s*) = 


Example 1. Let a(t) be the Salkowski curve given by 


(4.1) a(t) = (a4 (¢) , a2 (t) , a3 (¢)) 

where 

a = — (- ot + 200) - wo sin (1 = 2n)t) — 5 sint) 

a2 = (nS 520s (1+ 2n)4) + 7a cos ((1 — 2n)t) + 5 cost 
cos (2nt) 

ape = Amv 1 + m? 

and 
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a(t) can be expressed with the arc lenght parameter. We get unit speed regular curve 
by using the parametrization t = + arcsin (nV + m?s). Furthermore, graphics of 


special Smarandache curves are as follow. Here m = V3. 


Figure 1: Smarandache Curve TaNy 


Figure 2: Smarandache Curve TNs 


Figure 3: Smarandache Curve N? Ns 
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Figure 4: Smarandache Curve T,.Ny Ns 
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